Since V+ is the electronic energy for an ordinary bound electronic state of HeX+, it can be obtai~ed using the standard techniques of electronic structure calculation (e.g., Hartree-Fock or configuration interaction (CI». It isa less straightforward matter to obtain V* 3 . [5] [6] [7] V for the He(2 S)-H system using the stabilization method. r was Section II describes the formalism and method of calculation, which are essentially a direct application of the Feshbach projection operator 11,12 approach. The key feature of this procedure is the discovery of a practical way to define the prOjection operators P·and Q which appear in the theory. The other feature which is important in making the overall approach applicable to polyatomic systems is that standard CI computational techniques can be applied with very little modification. This is possible an overbar designates spin down. The set of orthonormal configurations '" {~i}i=l, ••• ,N is a basis for the space A of three electron wave functions.
"
A is a subspace of A, which is the space of all possible three electron wave functions. + is therefore an n HeH approximation to the ground state of the system with one less electron.
B. Formalism
It is known that certain eigensolutions of H in the space A are 13 characterized by the mixing of bound-and continuum-like components.
We wish now to partition A in'a way which allows us to identify two components of the corresponding eigenfunctions of H in a.n analogous manner. To do this we define
• ,n (3) where A is the antisymmetrizer. o Clearly each Xi has the physical form of an ionic core plus another, orbital and can be written as a linear combination of the{~il The set {X~} spans a subspace of A. In order to define a projector onto this subspace, it may be necessary to orthonormalize the A X~' Let this new set of elements of A be {Xi}. Then (4) ~H -I:
The primed sum runs over all eigenvalues E j and eigenvectors ~j of QHQ except for j • r.
At this point we make a physical assumption about the form of Px. 8 As in previous work, we make a partial wave expansion and assume -8- (9) where We denote the continuum orbital ~ F~Y~O by 4>~i) .
terms' of the orbitals {4>1'··· ,4>n}: (11) where and ~(i) is effectively defined by Eq. 11. Our calculations have shown representation of the static-exchange Hamiltonian for e -HeH scattering.
We have claimed (and will subsequently demonstrate) that the neglect of ¢(t)iS justified. The physical reasoning behind this assumption is c as follows. It {<PI"" ,<Pn} isa good basis within a localized region
.
this region, and so <Pc will only be large outside this region. However, the dominant contribution to the width integrals (Eq. 10) will come from the region of space where ~r is large, the "inner" region. Hence truncating the continuum orbital to this "inner" region does not cause a significant loss of accuracy in the width. This has two consequences, one aesthetic and one practical. First, ,..
it is appealing that all the eigenvalues of QHQ correspond to true + ·"resonance" states which can autoionize to HeH + e. The ground state of HeH is obtained as one of the eigenvalues of QsHQ s = H. Secondly, in the calculations on He(Z3S)-H, i t was found that the desired eigenvalue was the lowest root of QilQ. The lowest eigenvalue of a matrix can . generally be extracted more quickly and easily than the higher roots. The autoionization width r(R) for the transition He(2 3 S)-R ~ He + H+ + e has been calculated using several different approximations:
1. We reproduced the previous calculation of Miller, Slocomb, and 8 Schaefer (MSS), with certain simplifying assumptions. The method employed by MSS differs from the procedure described in this paper, and somewhat different results are obtained. These differences will be discussed.
2. We evaluated r(R) according to Eqs. 10 and 13, including ¢(t). shown to be only weakly dependent on the basis set.
For the first three calculations we used the first basis listed in Table   I . This basis is the same as that used by MSS, except that n orbitals are not included. This reduced the number of possible three electron configura-
. tions (of a full CI for 21: symmetry) from 321 to 240 . Also, MSS used a 51 + configuration wave function for ReR In the present work we used a single determinant SCF wave function constructed from the basis orbitals.
Calculation (1) was performed using the following formulas from MSS: (29) In calculation (2) the full form of PXt was used. In calculation (3) the term involving ~~t) was neglected, and hence r could be written o tJ -15- entirely in terms of the expansion coefficients ex?' ) (Eq. 13) and the " matrix elements pHQ (Eq. 17). Tables 2 and 3 summarize the results of these calculations" Generally speaking, for a given R, the larger I~ are more accurate in the truncated calculation than the smaller I~.
However, the quantity of interest, r, is determined mainly by the larger It' The difference in r(R) between calculations (2) and (3) is only 4% at R = 2 a and 4 a and 16% at R = 8 a • 0 0 0 For calculation (4) we used the second basis set given in Table 1 .
To check the sensitivity to orbital exponents, we have varied slightly those used by MSS. Nearly a full CI was done; all possible configurations using three 0 orbitals, and all double excitations into 1T in k causes roughly a 20% decrease (increase) in r(R).
Calculations (1) and (4) give somewhat different results. For the real part of the potential surface, V*(R), the small difference is merely a matter of the choice of basis set. For r(R), the discrepancy is larger, expecially in the asymptotic region, as shown in Figure 1 . It is thought that the reason for this difference is more subtle than simple basis set dependency. This is because the results using two different basis sets (calculations (3) and (4» differ by only 10-25%, whereas calculations (1) and (4) In the present formulation,however, we begin by defining the P projector in a convenient and physically reasonable way. Then Q = I-P is more complicated but still easily handled. geometries, 237 for C ,and 315 for C. It was found that the curve oov s obtained with the larger pasis was less repu'lsive than the "trial" curve, although this effect was less pronounced for the collinear (C oov ) geometry.
The only 'other computational techniques to be mentioned concern the ov~rlap integrals between the Coulomb orbitals and the basis functions.
The Coulomb orbitals were evaluated using the continued fraction algorithm 22 of Steed, and the integrals were done by Gaussian quadrature.
B. Results and Discussion
We have checked the results of our structure calculation in two asymptotic limits. 3 We found that if the He(2 S) was far removed, and the H2 bond length varied, that the energy dependence was just that of Table 7 . SCF energies were also obtained for HeH 2 • Our basis set is not optimized for this calculation, of course, but nevertheless the energies obtained were in good agreement with the results of Brown and Hayes. 23 In addition, the present calculation includes a number ~f non-collinear geometries not investigated by Brown and Hayes.
Since our first scattering calculations will be based on the rigid rotator approximation to H 2 , we shall examine in more detail the "slice" Figure 4 shows the R, = 0 and R, = 2 terms of the width. r shows the typical exponential behavior calculated or estimated for other autoionizing molecules, although there is some leveling off at small R.
The angular dependence of r is much less pronounced than the radial dependence.
Consideration of the r-dependence of the surface suggests that the dynamical treatment of the H2 as a rigid rotator may not be too severe an approximation at thermal energies. We found that the equilibrium value of The dependence of r on r was smooth but not too pronounced. This is consistent with the approximation that the background continuum function was a coulomb wave centered at the midpoint of H 2 • The only dependence on r was indirect, through the energy of the continuum wave (k 2 /2).
In most of our calculations, the desired resonance root of HQQ was the lowest eigenvalue. The use of STO-s made this easy to verify by examining the components of the eigenvector. However, in certain cases, a higher root of HQQ was identified as the proper one. This occurred when the H2 bond length r was much greater than equilibrium. Then the bound resonance state is embedded in two continua: He H H+ + e and He H+ H + e This is because the a g and au orbitals of H 2 + are nearly degenerate for large r.
-22-v. SUMMARY We have presented a formalism well suited to practical computation in which autoionization occurs in a completely natural way as a transition between approximate eigenstates of H connected by the off diagonal elements
PHQ. Our choice of P and Q is such that the dominant contribution to the integrals for r comes from the inner region of physical space. In our formulation, therefore, the representation of H in a large basis of square integrable functions contains sufficient information to describe autoionization phenomena.
One of the advantages of the present method is that the exclusive use The basic approximation in the present work is the simple form assumed for PX£..
Physical arguments have been made that this form is reasonable, and it is likely that in the sum over i some cancellation of error occurs.
We plan to assess the accuracy of the present potential curves and widths by using them to compute Penning ionization cross sections which can be compared
.. (2) 2 .
-2 .,... Atomic units are used.
-. 
